A new and simple enzymatic method was developed for preparative isolation of anthraqui none pigments from Dermocybe sanguined. The endogenous ß-glucosidase of the fungus was used to catalyze the hydrolysis of the O-glycosyl linkage in emodin-and dermocybin-1-ß-Dglucopyranosides. The developed enzymatic method was found to be effective for the pig ment isolation, as the hydrolysis occurred virtually completely, thus leading to a high pigment yield. Two fractions were obtained by the method: Fraction 1 (94% of the total pigment amount), containing almost exclusively the main pigments emodin and dermocybin, and Frac tion 2 (6 % ), containing the anthraquinone carboxylic acids. A 10.5 kg amount of fresh fungi yielded 56 g of Fraction 1 and 3.3 g of Fraction 2 anthraquinones. The anthraquinones in each fraction were separated by thin-layer chromatography using tolu en e-eth yl acetateeth anol-form ic acid (10:8:1:2, v/v/v/v) as eluent. The components on the chromatograms were detected and characterized by measurements on a densitom eter-spectrophotom eter. Combined gas chromatography-mass spectrom etry was applied to determine the anthraqui none derivatives of Fraction 1 after methylation and acetylation.
Introduction
Anthraquinone derivatives form the largest group of natural quinones. Approximately half of the various molecular species of natural anthra quinones occur in fungi and lichens, the other half being found in higher plants. A few anthraqui nones have also been found to occur in bacteria and animals, e.g. insects. In most species, anthra quinones exist as complex mixtures of many dif ferent derivatives (Thomson, 1971) . Since ancient times, natural anthraquinones extracted from plants and insects have been exploited for dyeing textiles, and the isolated pigments have been uti lized in painter's colours as well (Schweppe, 1993) . Anthraquinone pigments obtained from natural sources were widely used and highly esteemed, be cause of their intensive colours and excellent dye- ing and the light-fastness properties. Nowadays, less attention has been paid to the use of natural anthraquinones as textile and artist's colours, but instead there is growing interest in applying them as colouring agents for beverages, candies and other foods (Lancaster and Lawrence, 1996; Car valho and Collins, 1997) . Also the biochemical and pharmacological applications of anthraquinones are noteworthy, as some herbal anthraquinones are known to have important medicinal properties, e.g. antineoplastic activity and the activity of dis solving bladder and kidney stones (Cheng and Zee-Cheng, 1983; Gonzalez et al., 1992; Toth et al., 1993; Krizsän et al., 1996) . Anthraquinones have also been used in analytical chemistry as chelating agents and, due to their optical properties, as chromophores in photometry, fluorimetry and in the study of photochemical reactions (Navas Diaz, 1991) .
ß-Glucosidases [ß-D-glucoside glucohydrolase, EC 3.2.1.21] form a broad group of enzymes, com mon among plants, fungi, bacteria and animal tis sues. ß-Glucosidases display a diversity of sub strate specificity, depending on the species of organism and their role in the producing cell. ß-Glucosidases catalyze the hydrolysis of alkyl and aryl ß-D-glucosides, as well as ß-D-glucosides, con taining only carbohydrate residues, e.g. cellobiose (Esen, 1993; Woodward and Wiseman, 1982) . Nev ertheless, also a ß-glucosidase that exhibits the ability to hydrolyze both a-and ß-glucosides has been found (Gueguen et al., 1995) . In plants, ß-glucosidases are involved in a variety of meta bolic events and growth-related responses and they play an important regulatory role in biologi cal processes (Esen, 1993; Duroux et al., 1998) . R e cently, research on ß-glucosidases has resulted in significant scientific and economic applications. Intensive study has been performed to understand the process of enzyme-catalyzed hydrolysis of cel lulose to glucose (Esen, 1993) . Further, ß-glucosidase-catalyzed hydrolysis has been applied to sev eral interesting fields, such as protein engineering, composting, textile treatment and wine making (Garcia et al., 1995; Giinata et al., 1996; Csiszär et al., 1998) . ß-Glucosidases also catalyze the re versal of the normal hydrolytic reaction and can hence be used in transglucosidations to synthesize di-and tri-saccharides (Furumoto et al., 1992; Bay et al., 1993; Christakopoulos et al., 1994a Christakopoulos et al., , 1994b and even tetrasaccharides (Boon et al., 1998). There is growing interest in synthetic oligosaccha rides owing to their inclusion in so-called func tional foods, which are considered to be beneficial to human health (Boon et al., 1998). Pure ß-glucos idase is found to have therapeutic use for treat ment of some diseases (Woodward and Wiseman, 1982) .
Though fungal ß-glucosidases have been iso lated from several species of fungi, reports on the activities of these enzymes in ectomycorrhizal fungi are rare; in this regard, we found only one report concerning Pisolithus tinctorius (Cao and Crawford, 1993) . The optimal pH for fungal ß-glu cosidases is in the range from pH 1.5 to 7.0, being in most cases around pH 5.0 (Woodward and Wiseman, 1982; Rumyantseva and Rodionova, 1982; Bedino et al., 1985; Li and Calza, 1991; Bhat et al., 1993; Cao and Crawford, 1993; Sasaki and Nagayama, 1994; Wei et al., 1996; Peralta et al., 1997; Pitson et al., 1997) . The optimal temperature varies from 37 to 75 °C. Because we found no re port on the pH optimum of the ß-glucosidase in the fungus Dermocybe sanguinea, we adjusted the pH for our experiments to the most frequently found optimal pH-value of fungal ß-glucosidases, i.e. pH 5.0.
In this study, our major objective was to develop a preparative method for the isolation of anthraquinone aglycones from the fungus D. san guinea. We were interested in separating and char acterizing the anthraquinone compounds occur ring in the Scandinavian species and, further, in applying the pure compounds as dyes for textile materials in mechanical dyeing processes (Räisä nen et al., in the press; Räisänen et al., in prepara tion). In this paper, we shall describe the isolation of the hydroxyanthraquinone aglycones using the endogenous ß-glucosidase of the fungus for the en zymatic hydrolysis of the O-glycosyl linkage in emodin-and dermocybin-1-ß-D-glucopyranosides. The developed enzymatic method will be shown to hydrolyze the O-glycosyl linkages virtually com pletely, affording two fractions of anthraquinones: Fraction 1 (94% of the total pigment amount), containing almost exclusively emodin and dermocybin, and Fraction 2 (6% ), containing mainly anthraquinone carboxylic acids. To estimate the effectiveness of the enzymatic hydrolysis, the anthraquinone glycosides were isolated from the fungus using extraction with water and acetone. TLC combined with densitometry-spectrophotometry was applied to the analysis of the components in the fractions. The composition of Fraction 1 was of main interest from the viewpoint of possible dyeing applications and was therefore more thor oughly analysed by combined GC-MS using derivatized samples.
Experimental

Chemicals
All chemicals, if not mentioned otherwise, were of analytical-reagent grade. Isopropylmethyl ke tone was purchased from Fluka AG (Buchs, Swit zerland), acetone and HPLC-grade ethyl acetate from Lab-Scan (Dublin, Ireland), pyridine and acetic anhydride from Riedel-de Haen AG (Seelze, Germany) and chloroform, toluene and formic acid (100% ) from E. Merck (Darmstadt, Germany). Ethanol was of Aa-or AaS-grade and purchased from Primalco (Rajamäki, Finland). Diazald (N-methyl-N-nitroso-p-toluenesulfonamide) was purchased from Aldrich-Chemical Co.
(Steinheim, Germany), NaOH from Eka Nobel A B (Bohus, Sweden) and sodium acetate from E. Merck. TLC aluminium sheets precoated with silica gel 60 without fluorescent indicator were purchased from E. Merck.
Instrumentation
Densitometrie measurements were carried out using a Shimadzu CS-930 densitometer-spectrophotometer equipped with an integrative printer DR-2 (Shimadzu, Kyoto, Japan). The instrument was operated in the reflection mode. The densitograms were recorded at wavelengths 460 nm (Fractions 1 and 2) or 480 nm (the water and ace tone extracts). The electronic absorption spectra of the anthraquinone compounds in the region from 320 to 699 nm were measured directly from the spots on the TLC plates using the spectropho tometer of the Shimadzu CS-930 instrument. The blue fluorescing spots, caused by non-anthraquinone impurities, were observed to absorb in the UV-region. As these compounds were not com pletely separated from the anthraquinone deriva tives, their UV-spectra overlapped those of the anthraquinones. Hence, the anthraquinone spectra were recorded only in the visible region.
For combined GC-MS, a Hewlett-Packard 5890 A gas-chromatograph (Hewlett-Packard Co., Waldbronn, Germany) was used. A capillary col umn HP-5 coated with 5% phenyl methyl siloxane (column length 15 m, diameter 0.32 mm and film thickness 0.25 [xm) was used. The detector and in jector port temperatures were 280 and 260 °C, respectively. The temperature was programmed to hold 3 min at 200 °C and was then allowed to rise to 260 °C at a rate of 5 °C/min. Helium was used as a carrier gas at a flow rate of 45.0 ml/min. The column effluent was introduced directly into the ion source of a JE O L JM S-SX 102 mass spectrom eter (JE O L , Tokyo, Japan), which was operated in the electron impact mode (electron energy 70 eV, accelerating potential 10 kV and ion source tem perature 240 °C). Perfluorokerosene was used as an internal reference. The instrument resolution was 3000.
Isolation o f anthraquinone aglycones by ß-glucosidase hydrolysis
Fig. 1 describes the protocol of the new enzy matic method, developed to isolate hydroxyanthraquinone aglycones from the fungus D. san guinea. A 10.5 kg amount of fresh fruit bodies of the fungus were collected from a spruce forest near Kuopio, Finland. A portion of 0 .5 -0 .8 kg fungi was suspended into 1.0-1.5 1 sodium acetate buffer (0.075 m , pH 5.0) and the mixture was homogenized with an Ultra-Turrax homogenizer at full power for 4 -5 min to bring the ß-glucosi dase enzyme and anthraquinone glucosides to gether. The procedure was repeated until all fruit bodies had been treated. Enzymatic hydrolysis by endogenous ß-glucosidase was performed by allowing the mixture to react in a 25 1 plastic con tainer for 2 -3 days at room temperature. The clear, orange buffer extract (18 1) was then drained off through a tap and the fungal residue was fil tered in a Büchner funnel with suction. The 7 1 amount of filtrate was combined with the main buffer extract to make a solution with a total vol ume of 25 1.
The fungal residue in the Büchner funnel was extracted with acetone until only pale colour was observed in the solution. Acetone was distilled off from the combined acetone extracts (total volume 40 1) and the residue was allowed to cool to room temperature. The formed precipitate was filtered in a Büchner funnel with suction and dried in an oven at 80 °C. The filtrate was discarded. The yield of Fraction 1, containing mainly emodin and dermocybin (structures in Fig. 2 ), was 56.0 g (0.54% of the fresh weight).
The pigments in the 25 1 volume of buffer ex tract were partitioned into suitable volumes of IMK and the organic phases were combined. The IMK solution was then concentrated to a small volume in a rotary evaporator. Thereafter, crystal lization of anthraquinones occurred on cooling. The yield of Fraction 2, containing mainly hydroxyanthraquinone carboxylic acids, was 3.3 g (0.03% of the fresh weight).
Isolation o f anthraquinone glucosides
The anthraquinone glucosides and anthraqui none carboxylic acids were isolated from D. san guinea by the following procedure. A ca. 0.5 kg portion of fresh fruit bodies of the fungi was sus pended into 1.0 1 of boiling water. The suspension was boiled for 30 min, allowed to cool to room temperature and then homogenized with an Ultra- Turrax homogenizer for 4 -5 min using full power. The procedure was repeated until 1.35 kg of fungi had been treated. The combined homogenates were filtered in a Büchner funnel with suction. The fungal residue in the funnel was extracted with water, until the colour of the extract was pale. The water extracts were combined with the filtrate, re sulting in a solution with a total volume of 5.5 1. Thereafter, the fungal residue in the Büchner fun nel was extracted with acetone, until the colour of the extract was pale. The pigment compositions of the final water extract and acetone extract were analyzed by TLC combined with densitometricspectrophotometric measurements (Figs. 4 and 5) .
T LC separations
A glass chamber with internal dimensions of 21 cm x 9 cm x 24 cm was used for TLC develop ments. The inner walls of the chamber were lined with filter paper Whatman No. 1 (Whatman, Maidstone, England). A fixed volume (200 ml) of the eluent, toluene-ethyl acetate-ethanolformic acid (10:8:1:2, v/v/v/v), was poured into the chamber and the atmosphere was allowed to stabi lize. The sample solution for TLC was prepared by dissolving a small amount of Fraction 1 or 2 in an appropriate volume of ethanol to give a transparent solution. A small volume of the water or acetone extract was diluted with ethanol to give a sample solution of an appropriate concentration. Suitable aliquots of the sample solutions were spotted onto a TLC plate ( 4 -1 0 cm x 20 cm) 2 cm away from the lower edge of the plate, the borders and one another. The plate was placed into the TLC chamber and the solvent front was allowed to rise until it was about 2 cm from the upper edge. The line of the solvent front was marked and the plate was allowed to dry. The pigments on the TLC chromatograms were detected and charac terized by densitometry-spectrophotometry.
Derivatization o f the Fraction 1 anthraquinones
The anthraquinones of Fraction 1 were of main interest to us and, therefore, its composition was analyzed more thoroughly by GC-MS. To ensure sufficient volatility of the compounds, anthraqui nones were methylated and acetylated. The methylations were performed with diazomethane in an apparatus described by Fales et al. (1973) . For the reaction, 20 mg of Fraction 1, dissolved in 2 ml IMK, was placed into the outer tube of the appa ratus and 107 mg Diazald-reagent was placed into the inner tube. The system was closed with a clamp and attached to a stativ in a hood. A 0.3 ml aliquot of 5 n NaOH solution was injected through a sep tum onto the Diazald-reagent and the liberated CH2N2 was allowed to react with the compounds for 1 h at room temperature. After the reaction, the organic phase was washed with water and evaporated to dryness.
The acetylation of the HO-groups in the anthraquinones was performed with acetic anhy dride in pyridine (Räisänen et al., in the press). For the GC-MS, 1 mg of the derivatized sample was dissolved in 1 ml of acetone.
Results and Discussion
Enzymatic hydrolysis
The enzymatic, preparative isolation procedure developed by us, was found to be very effective and simple to carry out. The endogenous ß-glucosidase of the fungus possessed optimal substrate specificity and kinetic properties. The O-glycosyl linkages were hydrolyzed virtually completely, leaving only negligible amounts of emodin-and dermocybin-l-ß-D-Gluc/? (structures in Fig. 2) into the water-soluble Fraction 2 (Räisänen et al., in the press).
Using the enzymatic isolation method, the yield of Fraction 1, i.e. emodin and dermocybin, was 0.54% of the fresh weight of the fungi. In compari son, the fresh-weight percentages reported by Steglich et al. (1969) for emodin and dermocybin were 0.15% and 0.06% , respectively. Thus, the to tal amount of emodin and dermocybin obtained by us was over twice as high as the total amount of these pigments obtained by Steglich et al. (1969) . Nevertheless, the total amount of anthraquinone carboxylic acids in Fraction 2 was similar to that obtained by Steglich et al. (1969) fresh weight. Apparently, the use of the endoge nous ß-glucosidase in the isolation enabled a virtu ally complete hydrolysis of the O-glycosyl link ages, thus leading to a high yield of the emodin and dermocybin aglycones. Fig. 3 shows the TLC chromatograms and their densitograms produced by the anthraquinone aglycones in Fractions 1 and 2. The densitograms in Fig. 3 demonstrate that there are no anthraqui none glucosides present in the fractions, isolated after the enzymatic hydrolysis. Fig. 3A illustrates that the main component, emodin (R{ = 0.63), has moved on the TLC plate as a narrow, very inten sive spot, whereas dermocybin (Rf = 0.53) has ex perienced excessive broadening (tailing). Visually, only the spots of emodin and dermocybin were ob served, but under UV-light, the differently fluo
TLC densitometry-spectrophotometry
rescing spot of dermorubin (R{ = 0.44, structure in Fig. 2 ) could be distinguished, in spite of the overlapping long tail of dermocybin. In the densitogram of Fig. 3A , the shoulder on the left wing of the dermocybin peak also indicates the presence of dermorubin. The GC-MS analysis revealed that Fraction 1 contained very small amounts of derm orubin, endocrocin and physcion (Fig. 2) , which were not observed on the TLC plate, due to their low concentration. The results of the GC-MS analysis are explained in further details in a sepa rate chapter (vide infra). Fig. 3B shows the TLC chromatogram and densitogram produced by Fraction 2, containing mainly anthraquinone carboxylic acids. Three spots were observed on the TLC plate: emodin (R{ = 0.63), endocrocin (Rf = 0.54) and a third spot, containing dermorubin (R{ = 0.44) and possi bly also 5-chlorodermorubin (Rf = 0.44) (struc tures in Fig. 2 ). In the densitogram B, the concen tration profile of endocrocin shows excessive broadening. Small amounts of some additional anthraquinones can be hidden under the Ec pro file or the noise of the baseline.
The TLC chromatograms and densitograms pro duced by the anthraquinone derivatives in the water and acetone extracts (see the paragraph for the non-enzymatic isolation) are presented in Fig. 4 . The TLC chromatogram and densitogram afforded by the pigments of the water extract (Fig. 4A) indicate clearly emodin-1-ß-D-glucopyranoside (R{ = 0.10) and dermocybin-1-ß-D-glucopyranoside (R{ = 0.07) to be the main components in the water-soluble fraction. The densitogram A displays a relatively intense peak for dermorubin and the possible 5-chlorodermorubin (R f = 0.33), whereas only very low peaks can be observed for emodin (R { = 0.61) and dermocybin (R{ = 0.51). The densitogram in Fig. 4B , produced by the pig ments of the acetone extract exhibits clearly higher peaks for emodin and dermocybin as com pared with the corresponding peaks in Fig. 4A . This indicates that the emodin and dermocybin are both much more soluble in acetone than in water.
Figs. 4A and B also verify that emodin and dermo cybin exist in the fungus predominantly as glucosides. According to Steglich and Lösel (1972) , over 90% of emodin and dermocybin occur in the form of glucosides in the fungus D. sanguinea.
Two sets of electronic absorption spectra are compared in Fig. 5 for each of the main com pounds, emodin and dermocybin as well as emod in-and dermocybin-1-ß-D-Glucps. The solid-line spectra were measured after separation directly from the spots of the pure compounds on the TLC plate. The broken line shows the spectra measured in ethanol (emodin) or methanol (dermocybin, emodin-and dermocybin-1-ß-D-Glucps). As can be seen, the spectra measured from the spot and from the solution are quite consistent for emodin 
L C plate (----------) and from the solution ( ----------).
Conditions for the spot spectra as in the experimental section and for the solution spectra as previously de scribed (Räisänen et al., in the press).
and the fine structure of the main absorption band. The spectra of dermocybin (C) show the greatest difference for the A .max-values of the bands. A likely reason for this difference can be the aggregation of the dermocybin molecules in the spot on evaporation of the solvent molecules. The densitometric-spectrophotometric measure ments directly from the chromatograms were found to be an easy and rapid method to obtain more detailed information from the separated components. Especially, the possibility to measure the electronic absorption spectra directly from the spots facilitated appreciably the identification of the compounds. The densitometric measurement combined with the integration option also enabled the rough quantitative estimation of the percent ages of different components, as the integrated area under each peak in the densitogram was re lated to the amount of material in the spot. The molar absorptivities (e) of the anthraquinone com pounds in the silica medium differ, however, from one another and from the e-values measured in ethanol. Hence, the peak areas are not directly comparable. For example, the e-values of emodinl-ß-D-Gluc/? are noticeably lower for all the ab sorption bands than the e-values of dermocybin-1-ß-D-Glucp (Steglich and Lösel, 1972) . These dif ferences in the e-values may explain why the in tensities of the D-Glucp absorption peaks are clearly higher than those of E-Glucp in the densitograms of Fig. 4A and B, even though E-Glucp should be the more abundant compound in D. san guinea according to previous studies (Steglich et al., 1969; Steglich and Lösel, 1972) . Table I describes the GC-MS data of the meth ylated and acetylated anthraquinone derivatives of Fraction 1. The gas chromatogram showed sharp peak shapes and good resolution. On the basis of the MS data, peaks 1 -5 were identified to represent derivatives of physcion, emodin, dermorubin, endocrocin and dermocybin, respectively (Table I) .
GC-MS analysis o f derivatized anthraquinones o f Fraction 1
The structures of the derivatives shown in Ta ble I are consistent with the MS data of peaks 1 -5 . These structures indicate that the methylations and acetylations of the Fraction 1 anthraqui nones occurred with interesting regioselectivity. In the gas chromatogram, the intensity of peak 1, representing physcion diacetate, was much higher than that of peak 2, assigned to emodin triacetate, although emodin was identified as the most abun dant anthraquinone in Fraction 1 (Fig. 3A) . This discrepancy in the results can be explained in terms of the hydrogen-bonding possibilities in emodin during the diazomethane methylation, which was performed in the IMK solvent. In this Table I . R etention and mass spectral data of the derivatized a n th raq u in o n es of Fraction 1. solvent, the C-l and C-8 HO-groups formed rela tively strong six-membered hydrogen chelate rings with the nearest C = 0 oxygen in emodin. The in tramolecular hydrogen bonds were strong enough to make the two hydroxyls unreactive towards diazomethane. Hence, a major part of the isolated C-6 HO-goups became regioselectively m ethyl ated by diazomethane, a minor part of the groups remaining free. U nder the acetylation conditions with acetic anhydride in pyridine, all the nonm ethylated HO-groups were esterified, as the in tramolecular hydrogen bonds were not strong enough under those conditions. The formation of the m onomethylated derm o cybin triacetate (the second highest peak 5 in the chromatogram ), can be interpreted by comparable regioselectivities for the methylation and the acetylation reactions. Now the C -l, C-5 and C-8 HOgroups formed strong hydrogen bonds with the nearby carbonyl oxygens and were not methylated with diazomethane. Consequently, only the iso lated C-l HO-group was methylated. In the acetylation step, all the non-methylated HO-groups were esterified.
The regioselectivities of the methylation and acetylation reactions yielding the dermorubin and endocrocin diacetates (peaks 3 and 4) are more difficult to explain, but can be understood in the terms of the following interpretations. The non reactivity of the C -l, C-4 (in dermorubin) and C-6 HO-groups with diazomethane in IM K can be explained by the formation of sandwich dimers, in which the two molecules are held together by j i -ji interactions between the two Jt-systems and by two pairs of intermolecular hydrogen bonds formed between the 2-COOH group of one mole cule and the 6-OH group of the counterpart mole cule, as shown in Fig. 6 for dermorubin. Inspection of the molecular model constructed for dermoru bin by means of HSG Molecular Structure Models, B Set for Organic Chemistry (Maruzen, Japan), indicated that the formation of such dimers is sterically very likely. The non-reactivity of the 1-OH group of dermorubin in the acetylation step following the methylation, can be explained by the formation of an exceptionally strong intramolecu lar hydrogen bond between the 2-COOH and the 1-OH. This hydrogen bond was strong enough to remain intact even under the acetylation condi tions, whereas the other non-methylated HOgroups became acetylated.
